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1. Welches tBQhnisdne Probtern soli dureh Ihr© Erfindung g««Jst weniJen? 

2. Wis wurde dtesea Probfem bishergaiosf? 

WeltweH^r Stsind der Technik mit koiikrelar Angabe der Fundsteye Oder Kople derUnteilagen 
(Utepaiur. Patwfechrmeri, PrtJSpfekte, DatehblStt^ 

ahgege&ene technjsche Pnablem? (geben Ste Vdri^le an>. 

4. VVforid Header erflndenscti9.Sc!hHtt? 
5 Au$fOh^ui>gi$beispier(&) Oar EiDnidifng. 



6. arSselWen Erlffu^njag sind als Anfegen ba^eftgt: 
yW aiati dor Damieimng eine» Oder m^rej^r Ausffihrurigsbelspiele der Eifindufig: 
5^ttzu83tell(^e Be.schreib«ng,iaai(z, B. L&b^ 
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„L«uchtdloden mtt struldturiftrtem transpari^ntom Substraf xur Uchtsteigerung 

und StFahlforniung" 

1. Welches Prdbtem soil daasb Ihre Etfiijdung gelfist werden? 

mt Hilfe der ErfTndimg soU zxm emo& die Lichtausbeut© von Leucfatdioden mit 
transpatentem Substraf erhBM wordeii. Die Erfindimg ist besdnders auch daau ariwendbat 
wenn d» Oruadjiache des Leuchtt^jps sfesehflber der nomial^r I^cbtdiadBii eASht wird. 

damit die StrablfiUiike veibefisert werdcgi uqd aa die Bedikfiusse der Anwendnfiff siikeaa^ 



2. Wie>S^edia5ipjnbI«mbi»Iaitg 

Dor Stendardauitau einer Leiu^WfSide. mit transpsrentpm Snbsteat, aaf ^die tfie. Erfindimk 
f»geweiidet >vecdm soil*. 1 dairgest^ift. Si6 besteht zwm eiwsR aus sieem 
f S"^^^ «i»B ^tive Sfchicbt aufgdirachf ist. aie dijTCh Strdmiiyelftidn 
zuiiiXew^^ aiigeregttycKleifi kann. Die Lfeuchtscbicht kann zumBiitBpiel. aii^wli&aus 
dem Mai^Aalaysteni (■A|,pa4ii)^^efaeiw das tnoispiai^jte Siibstrat aos Saphir od«!r SiC fttr 
IjBTiGhtdiodiBininiblauaniindgr^ '-^ — ,^.a— w 
Das Lieht, das in der aktiven ScMdbt enfetebt. kann mm einen dir^kt dijs dor LeiichtSchicht 
ausgekogpelt. warden, m gems^ Teil tiftt jedoch ia das Substrat exn tmd wird von dort 
aiispkoppelt: ©er M«qb^ism»d der A;uskappltwig ist in Fig.2 skfezlext, W er fiir «a 
b^drnmUtbes Baaeiemtint mif einei- GaN^Leucbteahigbt upd einero SiC^Sab stra.t stattfind^- 
Ih^Brecbungsmdi2es,siiid ^ogeiShr gA=^.S. ISr die aktive.Sdiicl«;.iis^l72 flSdas Subattat* 
(tod ^sotteu betaujhtet werd<to a) Chip in organisoher Vagu8snjafi8e Mi itv-i .5 
m Laft Bat n=l. Bine AuskoppUtng^: aus detn Substrat kami tiur stattfiiiden, wean daa^ Udit 
uhter emem Winkel Sbweidteud yom Lot auf eijife FJ.$che aufbiffl, d«r deti Grenzwinkel der 
TotaJreflestjQir <po nichl ttbetsc*reiten darf; Dieser bettagiiOr den FaD Sie/Ve^guas ^ W 
m SiOLuft nur <}>q « 22". Wie ia der Skizze dargesteUt, wird licbt, das nicht in den Ke^el 
der Attsta^iplmig fiUt^ m dias Sobstrai; zairfick totalreflektiert. Ayigrund der rcchtwinldigen 
^ aS^^itt ^If"^^ ^^''^ "'"'^ mchrmaliger Reflexion t£bt 
me, w«ite wicbtigB fiigenwjiiafk des Sysitems GdN/SiC ist. dass tibljt wegen ba^Hs beim 
Ubc?tgang von der ^ktiVen ^chiclif ina Sobsteat zuto Lot in gebiechen: wiid, so dass der 
immmale Bmtritts^yinkel. <Pe - 23'> betragt. .^Leser miriirflftlq Eintritftwrinkel v«iiiindft.f ^ 
■:gjHlgfeE£&j^qg!!!S^^^ 

ist bfefc^mt, dass m eiae tifMeiite AusfcoppJuHg v^rtolbiift isl, wenn jeder Sfeahl 
fsenkywht^oder^a^indest^^o^^ ^iaem weoig vom Lot abwdcbfinaeii #itikd aaf d^^^ 
qrgizpdie ^ufbrfft Daratfs. ergibt sich eihe: kiigeifllniiigB Sthiktui' der Leu^aitdioa*, wie 
in Eig. 3g gezBigt jst. Da diese: $fnartuir in «jini«n tfafbleiter sdiWifirig ^ reairaeren ist. ]^ 
5f '^f ^^^S^"**.^^^ *m* K»rper tMt ebeneii PegrenzuftgsiJacb?^ zsnShtm. Dies kaim 
.^f^i^^Pf »sebet,i wie in Fig. 3b). Di«tb geei^^te W^ahl der 
IJwmdenwnkel. kaniL em tbter Winfcel vetinieden werdm itiiehe z B "V^ N Cair 
gPb2«nt.elrip Fillip p£ tot fer Seiiiiconductor Lumbescent Coulees Opiatine 1*1 
^mtm^ms mM" OjiftarM physics (S. 1-19 (l$65); Hewlett^afckard ^5^4? 
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3, 111 welcher Welse la^t Ihre Erfindung das ajigegebene technische Probdem? 

pie iin letsrt^n Abachnitt besehiifibenen Verfehren zor Erh6hiing der Hchtextraktidfi beryhen. 
admi4 dasis die auBere Pdrm, dJi. der UbarLss des LED-Cb^s, ver&adeit wird, biese 
Anderu^g der Fdrm tanitt aber Frobteine Vferursachei^ z-B. kStmen autttcnatisebe 
V^9rl>ritlm^ra?^?qh^nCT ScfiwierigkoilQi mit lUchtrechtwinMigett Gedmetrien l>ei der 
Moiiit^O' bekohSinen. AnlknrdeitL eriferdem diese Verfahrea eine geMrisses T^^adesftvferhalhife 
. yon. Subatralkflid zu GhipgrundflSche; da der Gewinn dvircb die Strujcturierung deSt lRjEuide^. 
soiil^ 2^ genng ist im Vei|^ 

Itt ^eser Eriimduiig wird deshalb voiigeBchlagcn, die $tn&tuoeitingjsi^$|)n9^^ zur 
Licbtetd^gemng ioi. injaenem Bqitich des Chips vofziinchmen. Em Bdspiel fttt diese. 
Strtikturieningi ist in Fig, 4ii) g^gl!, wo ein Grabea in das Substrat eiiistrukturiert wurdfe, 
Zuoaohst ist der Voittil dieser Stoiktur nicht offensichtliefa, da das epiiMerte ,Uc^ mcht 
dhekf auf die schrag^ Flanken de^ Orabens auftreffeti kHML Iri bezug atif dl6 dirt^fe 
Abacqjpplong hat dics^j Stmldm: ?lL5o. teinen VorteU gegenflber Asisxx kiibischen dhip. 
Pics Sitdeit siGh abcr, wenn ihaH MeJirfiuihrefle^^ betochtet Xichjt, das an den gerad^i 
AiiIM3ank©?i totab»ile!ctier!t wijw^ trifft auf <3&^ GrabqniHankciJ ebem fllr Aiisk^ 
gajjstSgca.Win^ 1st dies natih djsr erfiltan Reflexion nicht der FaU„ fcann ti^i^h der swditen 
od^ weitemi Rdflcpddneii an der Settenfknke d«r Fall seixi. bet Winket des sfr^irendc*! 
EiiifelJs #ideirt fflcbi um die Neigung des Grabens a (si^hfe Fig; 

4b). Der EinfiaU^ wird alfsa immear um einen Winketl a Ufed der Str^ kann 

schliefijifcli iaiu^sgekoppelt werden. Dq: Neigungswinkd a isoUte. daher Ideiner sein als der 
GiJCTaswiakd der Totebeflextc^q^ <fe*it der Auskoppelkegel inch iiir alte BinifeUswiikd 
meicht werden jkann* 

©a ifieS ToMr6fle«Q^^ olaje Viesrlftste slaftjgndejt, tritt bei der iNiehrfeelireflexloii keinfe: 
DSmpJiioig wif ^ tof die verg^dchswetfiS^ gjeringeiVolume nabter^^^ Shbstirat ---"^ — ^ 
Eiaweiterer Vorteil der Erfinduag betdfift das. Abstrahiverhalten der Leuchtdioden. Bei dem 
halbkugelfotmig^n Btfudcnifent in Fig. :3a;) isi offensichtlich, dass das Licht in einm grofleti- 
RaTua>»ririkeiberdcA hiiiein.. :^gfekofjpelt wird. Das gleiche gilt ^iuch fiir das 
py^iidenfiSnmge fiouelement, das einen groBen Teil dar Strahlting hdrizontal zur Seite 
oudttiert Fiir •Anwendimgep, Z;B. fUr optiascb.c Displays pder BelcucO^tungen. ist es abfer oft 
wlinsqheHSWert dasj iicfat in, einm bfegrensflen SAimwinkel ^ endattiereiL Dabei sind fttr 
herfcemmltche Dioden Optii^n xmt hoh^ numerischer Aiwsrto er&rdcrlich, wie 
Ikonbinatjbnen aiis Spiegebi uiod Linsen: 
Dagegen wird von der hier beKshriebcineij Diode das licht bevorzaifi^ in Vorwaits richtung 
Das Lidit, das durcb die Grabenflauken ausgekoppelt wird, hat namHch bereits 
dine^ uin den ^eigipgsv^^ « naah vome gtssjadgte Vorzugsriichtun& Liciht, das starker in die 
IJaxfisont^^^^ emittiM' wiidi ^Vird ^^t^ ah der gegeniibcirUegenderi iiach vpwe 

irejleddiert, s^:da£t$^^ &f<i^ iAsgp9£urnt:el]ic;.&6vi^ii^ d^ Vbrv/SrtsstEahiimg €^ 

Die Erfiitidiing ist bc5t»jdeis yoitcjlhaft due iktive LenctofidbifeH a« siSh. aiif eifiem 
transpaxcnten Siibstmt boJiiidet Das sted zJB. SchicKten aus Grijgjipe^-itr Kifridveibi 

QaJSr pder (<j%AUnjN, dip auf Saphir-.odesr SiC-Substratert aufgeW^cJistin ^^doi. Diese 
Sub>ttate^{^ der atodvenSQhicht entstchende sichtbarfe Lidbttrtiij^atSnt. Aufeh JUr 

TOd^ ni/V-Hiadfeioiti^^^ v^ie (OaJjiiAl)Ce) aiif CJap-rSubstrafen. odea: lI/^-HalbleiW wi^ 
(Zti,Cd)Se ZnSe tr^*m die Vorausset^ungen 5:u, Diabei triiisS^; die . idcr als Sub$trai 
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bezeichnete transpsmite Scycht niehlnot^ndigerweise das bei der KriB^lzucht verwendete 
S^ibsfrat sein. Vlelmehf kflnnen opaque Substrate nach dem Kristallwacfisftim durch 
Sduchtcn ereetzt wbrdeh, die optSsdi gCinstigcre Eigensohaiften aufiveisen, 2.B, ZnO, Quare- 
(31^* X>imm., OaP Oder ahnJiche, Dies Icattn. anter anderein rait Hilfe son WafeiUwodihs- 
Vferfahiien duic&gefilhit wecden, "-^ ' ■ — 

H«astellung Stnaktwr init emet Vertiefiing iin Zcntnim des Substrais las^ett sieh 
yerschiedene y&Buhr&i anwendsB. Mt Hilfe von SSgeveifahrea lasBea sich z^. SpMten mit 
dem gfewdnschten Profil in das Substrat ttbetttagen,. weun entspreehead ^foimtc SiigebJatter 
verwendet werden. Diexesullieretidea Chip-FonMeiitjd Haoiet iein&ehda baSdr. «mer gefcreuztiai 
S^^espitt-isiad niFig. 5 tindFi^/i6,g^4gt 

iOiips nut :>smer is^ Vertieitor^; wi© in Fig. 7 lasieea eich ditrch Litbograpbie tmd 
Ateverfebrcn oderz37 taserabl:ation erzeugeiji. 

Dife Sfimkturi^ung kaiin scswpbl vor aJa auch iiacb dem KristaU>yachstum in jJiis Subsliai 
eiugehracht weniG»..EbeitfaIIs ist es iri^gHch. vbistroktunerteFenst^^ 

Wie h&fQits obcn. ei?waiiiit, ist die Erfinditpg axjch von Vorteil, wenn die Gfaadiiache des 
mps ym&mn j^M, -aahreod die Substtafliehe gldch bleibt. Diese SkalierOBg ist y«>» 
Biterpsae^ wera? jLe«ditdioden to ZiOamft auch.ftlr licdits^o AnwendDngea=wte B6l«ticld^g 
odi* AJisseigea iiii Auflenbereich emgeSetzt vKerden sollen. Pann mJlBsen dks iSwclitdic^t, 
JBE^.^tte' -wetjeii, im d.ii> etitsteheadfe insri ustwanfte bfessar:,abf fe ' 
^teiiijcfurternnig^ die-^^ Vecbess^img d«r Ai^ppelcfSzimz. jtotwe^g .Mrat sf^ d^ 
b«Iiebig: nebaaeiiiiander ariotdii^ pAduUch andem sich die Bi^eiischatten de$ ]Biiucleiijenfe 
liicht, wem Aesjm Flgcb« vergrSBert xmd, AusfUhningsbeiapiele flit BOlehe graftflSobigfo 
Chips aind iti Fig. 8 iwd Fig, 9 gezeigt pie Struktini^rqng lasst sich gtroiSflSchTg wiedetiaa 
autMiiftfiitm S8gev6rMj«»8 herstesllfaii Oder durch Atzeii ^det andiae Veifgliren, 
WichtSgr iift bel diesen groBflaehigen Chips, dass iaine gate Stromziijtehrung y6h den 
Strotoidiasp*iis6stelIeti zu ^meh BeKsiehen des Chips gewahrlejsiet.iatv tt^i^''Mp Gx&sisa odtf 
Xttcher e?geben sickStroiaieinsclmarujigettimd damit ein Spanmrngsabfell Ober den CMjp. Bei 
cinem Snhfitrat daa m<*t besonders gut ieitfiihig ist, kaim es dahor aotweaidig seiin, iniftela 
Afetellkofttaktto den Strom iPla g die aupoberflScbe za den tanzebian Hareiehftn ^ ip^i^ 

D6n iflSglichen Nuteen eifmdong^gemaeei'XEp-Chips fOr deii Einsatx in Bwrfwinea zdgen 
Fig. 10. - 13; to. Fig. 10 ist ein koiiVisaitioiieikr Chip in <dnem herkerntolichen Oehause 
&aei&* tJSm aiudi das licht zu nut2en,.da8 seitiicb aua d<an Chip emitfiert^wiird, ist der Chip in 
.einean Reflefctor montiert. Die Pofm des R&Qektott musa aaf die AbsilraliadjaraictttriBtik des 
Chips abgestimmt sein. jDaduircb ist ecifsi^eder die Gr«Be des Oiips beschranldt oder die 
Baufotfli mns$ ipi Vergleich viel gtaJiet jstsin a\s. dor Chip. StraWt dagpgen der Chip 
h^iptsSftiilifch in VortvartJSrichtaag ab, kaim siif raiien R«ad?ii)r Vemohtei wefd^n tod d^r 
Chip Jcann zB. auf ^ner guten W@cm^tak6 tzut AbfOhrtihg dit V6H^t»Mh^ .KiOo&eei 
we*deii»de.iiiFit» 11 g€52^igt 

JSbenfells sifid Ai««c;n!dia»|giaii dehkbM'i.die eih speaaSlles Stwhipjofil !6tfoidem,.2,B. vm zwd 
besiiinmbj Bereiqhc bevonsugt. auaaileusshjBn: Dieis kdnnte ittit e^duiigsganaiJ^ii Chips 
einfaeh SireiGht ^wferden, itid^m Wit in Fig. 12 gezeigt Chips anf 6m» OhemcUb aai 
tijilersphiiedlieher NeigBog riionfied; WenUai. ISei hisrlceaBtfificheh Ch^s nmsstei) d^fOr vtete 
m^tftolMXs ih6ntii^ «r«rd^, wa» bei besdixSnltmn Place krittsch sdh 
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- LeuchfdiodeMt tiRmspaE^tem. Substmt 

. Lcmehlrftoaei^, ^^^^ (QiJ.A|.Iii)N^5chioht«i zat SiC. oder Sapfiir best^feni bite 

- LeuclSiaiddea,;i>^ emm da$ W der Kdstallzacht verweodete Subisfrat duich eittc wd«ro 
tian^araate FeristerschiGht e*setzt wurdeii, z;B. dureh Wafeibottd%. Sto IduHt jeB giC 
darcteZ«0,/QBarzt Diamant Oder aimliiG^ 

- Stritofienatig d£s Sufeafrates von disr Mckseite lie*, wobei die: Stnac)«icn GyjJben edar 
L«dji» sfein Whtitti. DerlJimiss des^^ 

- gtt^lOttiieiiwg des: S»b^ odci haoh dem Aufbimgen d©r Leudfetsclachr 

- Bi^to- StnjJcttttietuDg ffir ^hroiWiaehenchips. wobei die. CldpgrondflStjhd d^utUch 
gr8lJer:ai§di6Subsirath&bei^Ii|i^ ^-c*- . «.*m.vm 

. ijnsate. dies^ Oiips b. Anw«idxihg<ai liiit B^daif aii hdher ticbistfirfcc* bei £Ha<ih2^eter 
y&ifiin^diungdef-extisamopt^^ ^ 
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CERTIFICATION 



I, the below named translator, hereby declare that: my name and post 
office address are as stated below; that I am knowledgeable In the 
English and German languages, and that i believe that the attached text 
is a true and complete translation of the enclosed invention Disclosure. 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent Issued thereon. 

Hollywood, Florida 



Christine Kahl 

December 22, 2004 

Lerner & Greenberg, P.A. 
P.O. 2480 

Hollywood, FL 33022-2480 
Tel.: (954) 925-1100 
Fax.: (954)925-1101 
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2/3 File Number 



1. What technical problem is to be solved with your invention? 

2. How has this problem been solved until now? 

Worldwide state of the art with concrete citation or copies of the documents 
(literature, patents, brochures, data sheets) 

3. How does your Invention solve the indicated technical problem (please list 
advantages) 

4. What is the Inventive step? 

5. Exemplary embodlment(s) of the invention. 



6. For further explanation, enclosed are: 

1 1 sheet of the illustration of one or a plurality of exemplary embodiments of 
the invention; 

sheet additional description (for example laboratory reports, test protocols); 
sheet of other documentation: 
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"Light-Emitting Diodes with Structured Transparent Substrate for tight 
Increase and Ray Formation" 

1 . What problem is to be solved with your invention? 

On the one hand, with the help of the invention, the luminous efficiency of light- 
emitting diodes with transparent substrate is to be Increased. The Invention can be 
used, in particular if the area of the light-emitting chip is increased as compared to 
the nomrial light-emitting diodes. On the other hand, with the help of the invention, 
the beam profile of the light-emitting diode and thus the beam strength can be 
improved at the same time and adapted to the requirements of its use. 

2. liow has this problem been solved until now? 

The standard assembly of a light-emitting diode with transparent substrate, for which 
the invention is to be used, is Illustrated in Fig. 1 . On the one hand, it consists of a 
transparent substrate, onto which an active layer is applied, which can be actuated 
to glow by means of the injection of current. The light-emitting layer can be 
comprised, for example of layers from the material system (AI,Ga,ln)N, the 
transparent system can be comprised of sapphire or SiC for light-emitting diodes in 
the blue or green spectral range. 

The light which is created in the active layer, can be uncoupled out directly from the 
IFght-emitting layer, on the one hand. A certain portion, however, enters Into the 
substrate and is uncoupled from there. Hie mechanism of uncoupling is illustrated In 
Fig. 2, such as it takes place for a common component with a GaN-llght-emltting 
layer and a SrC-substrate. The calculation indications are approximately nA=2.5 for 
the active layer. n8=2.72 for the substrate, and to be considered are a) chip in 
organic compound with nv=1 .5 and b) chip in air with n=1 . An uncoupling from the 
substrate can tal<e place only if the light appears on a surface below an angle which 
deviates fmm the plumb, which may not exceed the critical angle of the total 
reflection <ps. It is <pg=34° for the case of SiC/compound, it is only <pG=22° for SiC/air.. 
As Is illustrated in the sketch, the light, which does not fail within the cone of the 
uncoupling, is completely reflected back into the substrate. Due to the rectangular 
symmetry of the cube, this light cannot be uncoupled, even after repeated reflection. 
A second important characteristic of the system GaN/SiC is that due to nA<ns during 
the transmission from the active layer into the substrate, this light is broken to the 
plumb so that the minimum entrance angle (pE=23^ This minimum entry angle 
prevents that light can be uncoupled via the side edges from the unmolded chip. 

It is known that it is advantageous for an effident uncoupling, if each beam hits the 
Interface vertically or at least at an angle which only slightly deviates from the plumb. 
This results in a spherical stnjcture of the light-emitting diode, as it is illustrated in 
Fig, 3a). Due to the fact that it is not easy to realize this structure in a semiconductor, 
the sphere can also be approximated by bodies with plane boundary areas. This can 
result, for example, in a pyramid stump, as In Fig. 3b). By suitably selecting ttie 
pyramid angle, a blind angle can be avoided (see. for example, W.N. Carr, 
"Photometric Figures of Merit for Semiconductor Luminescent Sources Operating in 
Spontaneous Mode," Infrared Physics 6, pp. 1-19 (1965); Hewlett-Packard U.S. 
5,087,949; Osram patent application P2000,0014). 
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3. How does your invention sols/e the indicated teclinicdl problem? 

The method for increasing the light extraction described in the last paragraph, are 
based on that the outer form, i.e. the contour of the LED chip, is changed. This 
change of the form, however^ can cause problems, for example, automatic 
processing machines might develop difficuKies witli non-rectangular geometries 
during the assembly. Furthenmore. these methods require a certain minimum ratio of 
substrate height to chip area, because, in comparison to the entire chip, the gain due 
the structuring of the edge would othenvise be too small. 

This invention thus proposes the carry out the structuring measures for increasing 
the light In the interior of the chip. An example for this structuring is shown in Fig. 
4a), where a trench has been structured into the substrate. Initially, the advantage of 
this structure is not obvious because the emitting light cannot directly hit the oblique 
sides of the trench. With reference to the direct uncoupling, this structure thus does 
not have an advantage over the cubic chip. 

However, this changes if one considers a multiple reflection. Light which is 
completely reflected on the straight outer sides, hits the trench sides at an angle that 
is advantageous for the uncoupling. If this is not the case after the first reflection, it 
can be the case after the second or further reflection on the side. This is so because 
the angle of the stiffening incidence changes after each reflection by the Inclination 
of the trench a (see Fig. 4b). The angle of incidence thus always increases by an 
angle a and the beam can finally be uncoupled. The angle of inclination a should 
thus be smaller than the critical angle of the total reflection, so that the uncoupling 
cone can also be achieved for all angles of incidence. 

Due to the fact that the total reflection takes place without losses, an attenuation 
does not take place during the multiple reflection, except for the comparatively small 
volume absorption In the substrate. 

A further advantage of the invention pertains to the radiant omittance of the light- 
emitting drodes. In the hemispherical component in Fig. 3a it is obvious that the light 
Is uncoupled into a large solid angle area. The same also holds true for the pyramid- 
shaped component which emits a large portion of the radiation horizontally to the 
sMe. For uses, such as for optical displays or illuminations, however, it is often 
desirable to emit the light into a limited solid angle. For common diodes, optics with a 
high numeric aperture are necessary, such as combinations of mirrors and lenses. 
Contrery thereto, the diode described herein deflects the light preferably in fonvard 
direction. This is so because the light which is uncoupled by the trench sides, 
already has a preferential direction which Is tiled fon^^ard by an angle of inclination a. 
Light, which Is more strongly emitted into the horizontal, is reflected fonvard partly on 
the opposite sides, so that the result is a preference of fonA^ard radiation. 

Exemplary emt)odiments: 

The invention is particularly advantageous for an active illuminated layer, which is 
located on a transparent substrate. These are, for example, layers of group Ill-nitride 
connections, such as GaN or (Ga,AI,ln)N, which are grown on sapphire or SiC- 
substrates. These substrates are transparent for the visible light which is created in 
the active layer. The conditk>ns also pertain to other IIIA/-semiconductors such as 
(Ga,ln,AI)(P) on GaP-substrates or IIA/l-semiconductors, such as (Zn,Cd)Se on 
ZnSe. The transparent layer characterized here as transparent layer must not 
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necessarily be the substrate used in the growing of crystals. Instead, after the 
growing of crystals, opaque substrates can be replaced by layers, which have 
optically advantageous characteristics, for example, ZnO, quartz glass, diamond, 
GaP, or the like. This can be done, for example, with the help of wafer bonding 
methods. 

In order to fabricate the structure with a recess In the center of the substrate, 
different methods can be used- With the help of sawing methods, traces, for 
example, with the desired profile can be transfen-ed Into the substrate, if 
correspondingly formed saw blades are used. The resulting chip forms In a simple or 
a crossed saw track are shown in Figs. 5 and 6. 

Chips with an insulated recess, such as in Fig, 7, can be fabricated by lithography 
and etching processes or, for example laser ablation. 

The structuring can be introduced into the substrate prior to or after the growing of 
crystals. It is also possible to bond pre-structured window layers. 

As already mentioned above, the invention Is also advantageous, if the area of the 
chip is Increased, while the substrate height remains the same. This scaling is of 
interest, if light-emitting diodes are to be used in the future for light-intense uses, 
such as illumination or displays in external areas. The light-emitting diodes must then 
become more extensive, in order to be able to draw off the heat loss which Is 
generated. The structuring, which is necessary for Improving the uncoupling 
efficiency, can then be disposed next to each other in any way. This does not 
change the characteristics of the component, if Its area Is irK:reased. Exemplary 
embodiments for such large-area chips are shown in Figs. 8 arKl 9. The structuring, 
in turn, can be provided for a large area with the help of a sawing process or by 
etching, or other processes. 

For these large-area chips it is important that a good electricity supply from the 
electricity infeed locations to alt areas of the chip is ensured. The trenches or holes 
result in electricity contractions and thus to a voKage drop above the chip. In a 
substrate, which is not particularly conductible, it can therefore be necessary to 
conduct the electricity via the chip surfaces to the individual areas by means of metal 
contacts. 

The possible use of LED chips according to the inventton for the use in components 
are shown in Figs. 10-13. In Fig. 10, a conventional chip is shown In a common 
housing. In order to be able to also use the light, which is laterally emitted from the 
chip, the chip is assembled in a reflector. The form of the reflector must be adjusted 
to the radiation characteristic of the chip. This either limits the size of the chip or that 
component must be much larger than the chip, in comparison. However, if the chip 
mainly radiates in fonA/ard direction, a reflector is not necessary and the chip can, for 
example, be assembled on a good heat sink for leading off the heat loss, as is 
shown in Fig. 11. 

Uses which require a specific radiation profile, such as to illuminate two certain 
areas, are also possible. This could be achieved in a simple manner with the chips 
according to the invention, in that, as is shown in Fig. 12, chips are assembled on a 
surface with different inclinations. In common chips, many individual LEDs would 
have to be assembled, which can be critical when space is limited. 

Claims of the Invention: 
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- Light-emitting diodes with transparent substrate 

- Light-emitting diodes which consist of (Ga,AIJn)N-layers on SIC or sapphire* 
or (ln,Ga,AiPXAs,P) light-emitting diodes on GaP-substrates. 

- Light-emitting diodes, where the substrate used for the growing of crystals 
have been replaced by a different transparent window layer, for example, by 
means of wafer bonding. SiC can, for example, be replaced by ZnO, quartz, 
diamond, or the lil^e, or GaAs can be replaced by GaP. 

- Structuring of the substrate from the back $ide> whereby the structures can be 
trenches or holes. The outline of the chip essentially remains. 

- Structuring of the substrate either prior to or after the application of the light- 
emitting layer. 

- Use of the structuring for lar^e-area chips, whereby the chip area can clearly 
be greater than the substrate height. 

- The use of these chips in applications with the necessity of a high light- 
intensity» with a simultaneous simplification of the external optical elements. 
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